The reaction of bis-isoxazolinyl pyrimidines and pyridazines with bases leads to a novel synthesis of tri-and tetra azaheterocycles, capable of intercalation with DNA.
Introduction
We have previously shown 1,2 that 2-isoxazolinyl azaheterocycles undergo rearrangement in the presence of bases, resulting in the annulation of a pyrimidine ring onto the azaheterocycle (Scheme 1). By contrast, the use of triethylamine, 3 photolysis 4 or pyrolysis 5 led to annelation of an imidazole ring onto the azaheterocycle (Scheme 1).
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This work was extended to the reaction of bis-isoxazolinyldiazaheterocyclic systems, 2 in which the rearrangements underwent more complex, but mechanistically consistent, pathways (Scheme 2).
Scheme 2
When the isoxazoline moiety contained an arylamino group at C-3, 6,7 base induced rearrangements led to competitive cyclisation through the arylamino group or the azaheterocycle, depending on the nucleophilicity of the latter (Scheme 3). 
Scheme 3
Since imidazo[1,2-a]azaheterocycles such as those in Scheme 3 above may be converted to larger heterocycles that can be expected to intercalate with DNA because of their H-bonding donor and acceptor groups, [8] [9] [10] this work was extended to bis-isoxazolinyl diazaheterocycles. 2 Structures 1, 2, and 4 are clearly well set up as precursors for polycyclic structures which are of considerable interest as pharmacophores for therapeutic drugs. Such compounds have been used to reduce neurotoxin injury associated with anoxia or ischemia, 11 or as antiviral agents.
Results and Discussion
2,4-Dichloro-6-methylpyrimidine reacted with the 4-ethoxycarbonylisoxazolone 18 when heated briefly to 130 o C to give the bis substituted pyrimidine 7. Similarly, heating the pyrimidine with the 3-phenylamino-19 or 3-(3-bromophenyl)aminoisoxazolone 20 gave the bis substituted pyrimidines 8 and 9 respectively (Scheme 5).
Scheme 5
Reaction of pyrimidine 7 with potassium carbonate in THF gave the bis-annelated tetraazaphenanthrene 21, rather than the anticipated 22: a suggested pathway for such a product is shown in Scheme 6. Some support for this pathway was found in the observation that reaction of 7 with potassium carbonate in ethanol gave the product 23 (Scheme 7).
Scheme 8
Reaction of 4,6-dichloro-5-nitropyrimidine with the isoxazolones 18 by heating neat under nitrogen at 130 o C gave bis substituted pyrimidine 10, but only mono substituted pyrimidines 11 and 12 were formed by heating the isoxazolones 19 and 20 with 4,6-dichloro-5-nitropyrimidine (Scheme 9).
Similarly, 13 and 14 were obtained from the isoxazolones 18 and 19 with 4,6-dichloropyrimidine. The 4,6-bisisoxazolinylpyrimidines 13 reacted with sodium hydroxide at 40 o C to give the tetraazaanthracene 28 (Scheme 11).
Scheme 11
Similarly, the bis-isoxazolinyl derivative 15 reacted with sodium hydroxide to afford the tetraazaanthracene 29 (Scheme 12).
Scheme 12

Conclusions
The above base-catalyzed rearrangements again illustrate that the synthesis of several new triand tetra heterocycles appears possible, and because of their multiple H-bonding and H-acceptor sites, these compounds could be expected to intercalate with DNA. [8] [9] [10] They could also serve as intermediates for new planar polycyclic heterocycles.
Experimental Section
General. Freshly distilled solvents were used throughout, and anhydrous solvents were dried according to Perrin 
6-Methyl-2,4-bis(4-ethoxycarbonyl-3-(3-bromophenylamino)-5-oxo-2,5-dihydroisoxazolin-2-yl)pyrimidine (9).
The same procedure as above with ethyl 3-(3-bromophenyl)amino-5-oxo-2,5-dihydroisoxazole-4-carboxylate (20) 6 (100 mg, 0.3 mmol) gave 9 (85 mg, 75%) as a cream Ethyl 6-[2,2-bis-(ethoxycarbonyl)-acetamido]-2-hydroxy-8-methyl-4-oxo-4H-pyrimido[1,2-a]pyrimidine-3-carboxylate (23) . The bis-isoxazolinyl derivative 7 (100 mg, 0.25 mmol) was refluxed in ethanol (8 mL) with potassium carbonate (34.5 mg, 0.25 mmol) for 24h. The solution was cooled, quenched with HCl (5 mL) and the resulting products filtered to afford compound Diethyl 5-methyl-2,8-bis(phenylamino)diimidazo[1,2-a:1',2'-c]pyrimidine-3,9-dicarboxylate  (24) . The bis-isoxazolinyl derivative 8 (100 mg, 0.171 mmol) was refluxed in THF (8 mL Diethyl 2,5,8-trihydroxy-10-nitro-4,6-dioxo-1,4a,5a,9-tetraaza-1,4,5,5a,6 ,9-hexahydroanthracene-3,7-dicarboxylic acid (27). The bis-isoxazolinyl derivative 10 (100 mg, 0.23 mmol) was refluxed in 2.5M sodium hydroxide solution (10 mL) for 15 min. The cooled solution was acidified to pH 2 and the resulting precipitate was filtered to give 27 (55.5 mg, 61%) as a black solid, mp> 300 8-trihydroxy-4,6-dioxo-1,4a,5a,9-tetraaza-1,4,5,5a,6 ,9-hexahydroanthracene-3,7-dicarboxylate (28). This compound was prepared as described for 22 using bis-isoxazolinyl derivative 13 (100 mg, 0.256 mmol) to afford the compound 28 (73 mg, 70%) as a black solid, mp> 300 o C. 1 Ethyl 10-ethoxycarbonyl-3,6,11-trihydroxy-8,9-dioxo-1,5,8a-tetraaza-3,4,8,8a-tetrahydropyrimido[1,2 
4,6-Bis-(4-ethoxycarbonyl-3-phenylamino-5-oxo-2,5-dihydroisoxazolin-2-yl)pyrimidine (14
o C. P 1 H NMR (DMSO-d ) δ 5.
